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Objective

To examine, in the Veterans Health Administration (VHA), the
relation between surgical volume and outcome in eight com-
monly performed operations of intermediate complexity.

Summary Background Data

In multihospital health care systems such as VHA, consider-
ation is often given to closing low-volume surgical services,
with the assumption that better surgical outcomes are
achieved in hospitals with larger surgical volumes. Literature
data to support this assumption in intermediate-complexity
operations are either limited or controversial.

Methods

The VHA National Surgical Quality Improvement Program data
on nonruptured abdominal aortic aneurysmectomy, vascular
infrainguinal reconstruction, carotid endarterectomy (CEA),
lung lobectomy/pneumonectomy, open and laparoscopic
cholecystectomy, partial colectomy, and total hip arthroplasty

were used. Pearson correlation, analysis of variance, mixed
effects hierarchical logistic regression, and automatic interac-
tion detection analysis were used to assess the association of
annual procedure/specialty volume with risk-adjusted 30-day
death (and stroke in CEA).

Results

Eight major surgical procedures (68,631 operations) were an-
alyzed. No statistically significant associations between proce-
dure or specialty volume and 30-day mortality rate (or 30-day
stroke rate in CEA) were found.

Conclusions

In VHA hospitals, the procedure and surgical specialty volume
in eight prevalent operations of intermediate complexity are
not associated with risk-adjusted 30-day mortality rate from
these operations, or with the risk-adjusted 30-day stroke rate
from CEA. Volume of surgery in these operations should not
be used as a surrogate for quality of surgical care.
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The Veterans Health Administration (VHA) operates thethe National VA Surgical Risk Study (NVASRS) to all of
largest fully integrated health care system in the Unitedthe Veterans Affairs medical centers (VAMCS) that perform
States. Within this system, 123 hospitals perform major major surgery. Both the NSQIP and the NVASRS have been
surgery in surgical services varying widely in size and in thedescribed in detail in previous publicatiots2°:2324 A
volume of operations performed annually. To reduce thédrief summary is outlined below.
cost and improve the quality of surgical care in multihos-
pital health care systems such as VHA, consideration is = |
often given to closing low-volume surgical services, with Participating Centers

the assumption that better surgical outcomes are achieved in gatveen October 1991 and December 1993. 44 VAMCS
hospitals with larger surgical volumes. This assumption ishen performing cardiac and noncardiac surgery contributed
based on studies that show an inverse correlation bemeeﬂ?eoperative patient risk and operative and postoperative

the volume of surgery and mortality or morbidity rates in o ,tcome data about major operations to the NVASRS.
cardiac surgeryand in complex noncardiac operations suchgjce the inception of the NSQIP in 1994 and the expansion

as abdominal aortic aneurysmectofificarotid endarterec- o yata collection and reporting to all VAMCs performing

4,5-12 . 15
tomy  (CEA); and pancreaticoduodenectortty. major surgery, nine VAMCs have stopped performing ma-

Most of the studies addressing the relation between surgic:ix(l)r surgery, bringing the number of participating VAMCs as
volume and outcome, however, are limited by their retro- January 1999 to 123.

spective nature, the administrative databases on which they

were based, the selection of the institutions included in the

analyses, and the failure to adjust for differences in patienCommon Operations Selected for
preoperative risk factors in the assessment of deaths arlolume/Outcome Analysis

other adverse postoperative outcom®¥’ In addition, se- _ ,
lection bias—the transfer of less sick surgical candidates to W€ selected eight commonly performed operations for

high-volume institutions for major surgery—has not beenthiS volume/outcome analysis. The CPT-4 codes for the
systematically evaluated as a possible source for the oselected operations are listed in Tgble 1. m vascular surgery,
served lower mortality rate at high-volume hospitals. we selected nonruptured abdominal aortic aneurysm, vas-
This study was undertaken to examine the relation pecular infrainguinal reconstruction, and CEA. In orthopedic
tween surgical volume and outcome in eight commonlySUrgery, we selected total hip arthroplasty; in general sur-
performed operations in VHA, using the FY91-FY97 data-9€"Y, partial colectomy, open cholecystectomy, and laparo-
base of the VA National Surgical Quality Improvement SCOPIC cholecystectomy; and in noncardiac thoraC|c.surgery,
Program (NSQIP). This database contains preoperative p&!nd lobectomy and pneumonectomy. Laparoscopic chole-
tient risk factors, operative data, and 30-day outcome inforCYStectomies that were converted to open cholecystectomies
mation on all major surgeries performed in VHA, collected dUring surgery were identified as having CPT-4 codes for
prospectively by a dedicated nurse reviewer at each medicQCth laparoscopic and open operations and were treated in

centert®19 The models developed by the NSQIP for risk the analysis as open operations. Each of these operations is

adjustment of 30-day postoperative mortality and morbiditydefined as major surgery and was performed under general,

rates have been validated and shown to reflect the quality oinal, or epidural anesthesia, with the exception of CEA,
surgical caré® 22 which may have been performed under local anesthesia.

Carotid endarterectomies may have been performed by sur-
geons who identified themselves as general, vascular, or
METHODS neurosurgeons at the time of the operation.

Overview of the NSQIP

The NSQIP is an ongoing quality management initiativeData Collection
h li h hodol I li . . - .
that applies the methodology developed and validated by A trained surgical clinical nurse reviewer collects and

verifies 65 preoperative patient characteristics, 11 intraop-

erative variables (including up to three CPT-4 codes iden-

Presented at the 119th Annual Meeting of the American Surgical ASSOCi’[ifying each operation), and 23 outcomes, including mortal-
ation, April 15-17, 1999, Hyatt Regency Hotel, San Diego, California. . . . .

The Department of Veterans Affairs National Surgical Quality Improve- ity status, and 20 umformly defined postoperative a‘_terse
ment Program is funded by the Veterans Health Administration of the€Vents at 30 days after surgery. These data are verified by
Department of Veterans Affairs. the chief of surgery and transmitted electronically to a
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Table 1. COMMON PROCEDURAL TERMINOLOGY-4 (CPT-4) CODES USED IN VOLUME-
OUTCOME ANALYSIS

Procedure CPT-4 Codes
Abdominal aortic aneurysmectomy 35081
Infrainguinal vascular reconstruction Bypass graft-Vein

35521, 35533, 35546, 35548, 35549, 35551, 35556, 35558, 35565, 35566, 35571
Bypass graft-In-situ vein

35582, 35583, 35587
Bypass graft-Other than vein

35621, 35623, 35646, 35651, 35654, 35656, 35661, 35665, 35666, 35671

Carotid endarterectomy 35301
Lobectomy/pneumonectomy Lobectomy
32480, 32485, 32490
Pneumonectomy
32440, 32445
Open cholecystectomy 47600, 47605, 47610
Laparoscopic cholecystectomy 56340, 56341, 56342, 49310, 49311
Colectomy 44140, 44141, 44143, 44144, 44145, 44146, 44147, 44150, 44151, 44152, 44153, 44155,
44156, 44160
Total hip arthroplasty 27130, 27131, 27132, 27134
Definition of Volume bility of the event calculated from the logistic regression

Because each of the 123 VAMCs currently participatinggggst\',si?hfu?ﬁze;\zrn:he case with the event than for the

in the NSQIP may have contributed data to the NSQIP for After the nine logistic regression models were developed,

a different number of months, we defined the volume of . o
e models were used to calculate the predicted probability

each operation to be the total number of cases of eac ; tf h Th dicted probabilit
operation in the database divided by the number of month§' &h Eventioreach case. These predicted probabiiilies were
ummed to arrive at the expected number of deaths (or

that the VAMC had contributed to the NVASRS and NSQIPS . .
databases and multiplied by 12 to arrive at an annua?tmkes) at each VAMC for each operation. The ratio of

VAMC volume for each operation. Volume variables were observed number of deaths (or strokes) to expected number

computed both at the individual operation level and at theqf deat_hs (or strokes)—the O/E ratlo—_ls a measure _Of the
specialty level risk-adjusted outcome for an operation at a particular

VAMC. An O/E ratio greater than (less than) one is an
o indication that the VAMC is experiencing more (fewer)
Definition of Outcomes events than would have been expected after adjustment for

Thirty-day postoperative mortality was obtained from all the burden of iliness in that VAMC patient population.
patients having any one of the eight common operations. All Pearson correlation coefficients were computed correlat-
deaths were verified against the VHA Beneficiary Identifi-ing O/E ratios and operation or specialty volumes across all
cation and Records Locator Subsystem death records. FHAMCs for each operation. A positive (negative) correla-
CEA, we also determined the presence of postoperativion indicates that as volume increases, risk-adjusted out-
stroke at 30 days, defined as the development of an emboli€omes become worse (better). Probability values are given
thrombotic, or hemorrhagic vascular accident or stroke witHor the test of the correlation coefficient equaling zero

motor, sensory, or cognitive dysfunction that persists foVersusnot zero.
=24 hours. A mixed effects hierarchical logistic regression model

was also used to assess the volume/outcome relation for
each operation. In the first level of modeling, the patient is
the unit of analysis and the model accounts for the impact of
A logistic regression analysis was performed for each ofatient risk factors on the outcome of death in the eight
the eight operations, with 30-day mortality as the dependeneperations and stroke in CEA. In the second level, the
variable and the patient risk factors as the independerassociation of annual hospital volume for the operation and
variables. For CEA with stroke as the outcome, the logisticspecialty with risk-adjusted outcome (death, stroke for
regression analysis used stroke as the dependent variabl@EA) is assessed, and the hospital is the unit of analysis.
The c-index, a measure of predictive validity of the model, Two mixed hierarchical logistic regression models were
is the proportion of all possible pairs of concordant casesreated for each operation. In the second level of each
(dead/alive or stroke/no stroke cases) for which the probamodel, the first model uses annual operation volumes as the

Statistical Analysis
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Table 2. PATIENT DEMOGRAPHICS AND 30-DAY MORTALITY BY OPERATION

Excluded and

Emergent 30-Day Nonassessed
Age (years) Sex Race Status Mortality Cases**
No.
of No. No. No. No. of No. of
Operation Cases Mean =+ SD Range Male % White % Emergent % Deaths % Number Deaths %
Abdominal aortic
aneurysmectomy 3767 68.8*+6.9 36-98 3745 99.4 3288 88.7 227 6.0 177 4.7 281 9 832
Infrainguinal vascular
reconstruction 12635 64.5+9.2 22-97 12424 99.1 9510 77.1 747 6.0 383 3.1 1185 45 3.8
Carotid endarterectomy* 10173 67.2 7.8 27-100 10021 98.5 8962 89.4 255 2.5 123 1.2 1710 30 1.8
Lobectomy/
pneumonectomy 4890 64.7 £9.0 21-91 4828 98.7 3858 80.3 31 0.6 267 55 358 17 4.7
Open cholecystectomy 7113 62.6 =122 20-102 6874 96.6 5375 76.9 1221 17.2 201 2.8 461 18 3.9
Laparoscopic
cholecystectomy 8602 57.9 +37.4 16-97 7818 90.9 6629 78.6 214 2.5 46 0.5 763 6 0.8
Colectomy 13310 66.4 = 11.1 19-100 13056 98.1 9785 75.0 2473 186 922 6.9 990 73 7.3
Total hip arthroplasty 8241 63.2*11.8 20-103 8028 97.4 6354 78.2 69 0.8 84 1.0 727 6 038
Total 68631 64.3 = 11.0 16-103 66794 97.3 53761 78.3 5237 7.6 2203 3.2 6475 204 3.2

* Stroke as a 30-day outcome occurred in 212 patients (2.1%).
** No statistically significant difference (p < 0.05) in 30-day mortality rate between excluded/nonassessed cases and those in the analytic data set.

independent variable; the second model uses the annuRESULTS
vplume of major operations p_erformed in the surgical SPepatient and Hospital Characteristics
cialty as the independent variable.

To determine whether there was a threshold volume Eight major surgical procedures totaling 68,631 opera-

effect below which outcomes worsen, three analyses werions were analyzed. As shown in Table 2, the total volume
performed: of each operation ranged from 3767 abdominal aortic an-

i i _ eurysm repairs to 13,310 partial colectomies. The mean age
1. Indicator _vanables for the four quartiles of pro_cedureranged from 57.9 years in patients undergoing laparoscopic
and specialty volumes were added to the mixed efpgjecystectomy to 68.8 years in patients undergoing ab-
fects logistic regression model. dominal aortic aneurysm repairs. Laparoscopic cholecystec-
2. Analysis of variance was used to compare the meafomy cases had the highest percentage of women (9.1%);
O/E ratios across the four quartiles of procedurepatients undergoing abdominal aortic aneurysm repairs had
volume. the lowest (0.6%). The percentage of whites ranged from
3. An automatic interaction detection statistical analy-75% in patients undergoing partial colectomy to 89.4% in
sis’>?® was performed using a set of algorithms patients undergoing CEA. Only 0.6% of the pulmonary
contained in the PC Group statistical softwéfe. resection cases were emergent, in contrast to 18.6% of the
These algorithms searched for all possible cutpointspartial colectomy cases. The observed 30-day mortality rate
in the procedure and specialty volumes below whichranged from 0.5% in laparoscopic cholecystectomy to 6.9%
the outcomes worsened and attempted to identify thén partial colectomy.
cutpoints that minimized the overall misclassification Table 2 also shows the patients in the NSQIP database
rate. who were excluded from the analysis. Reasons for exclud-
ing patients from risk assessment have been described else-
The |n|t|a| mOde|S for CEA, Wh|Ch were deVeIOped ba.sedwhere:}svz3 Most Of the exc|usions in th|S Study were be_
on all 101 hospitals in which this operation was performedcause the clinical nurse reviewers in the respective hospitals
had low c-indices, indicating poor predictive validity. The were on annual leave at the time of the operation. As shown
c-indices improved, and the models became more predidn Table 2, the mortality rate of the patients excluded from
tive, when eight low-volume hospitals that had collected athe analysis was not significantly different from the mortal-
truncated set of the preoperative variables were excludedy rate of patients included in the analysis.
from the analysis. Hence, data from 93 hospitals only were The number of hospitals performing these operations
used in the CEA analyses. ranged from 125 hospitals performing partial colectomy to
Results were considered statistically significant aEp 93 hospitals performing CEA (Table 3). Infrainguinal vas-
0.05. cular reconstruction, with a mean of 23.5 operations per
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Table 3. SPECIALTY AND PROCEDURE VOLUME/HOSPITAL/YEAR

Specialty Volume/Year Procedure Volume/Year %

No. of Performed

Operation Hospitals Mean += SD Range* Mean = SD Range* by Resident
Abdominal aortic aneurysmectomy 107 89.7 + 53.8 1-240 6.9 £567 0-32 76.6

Infrainguinal vascular

reconstruction 107 89.7 = 53.8 2-240 235+ 148 1-90 76.1
Carotid endarterectomy 93 102.0 = 52.0 6-260 21.9 £ 147 0-73 81.0
Lobectomy/pneumonectomy 107 329+ 242 0-169 9.0*+65 0-44 76.4
Open cholecystectomy 124 186.4 = 79.5 13-414 M7x71 1-39 68.9
Laparoscopic cholecystectomy 123 187.5 = 78.9 13-414 151 £ 8.0 0-44 68.4
Colectomy 125 185.5 + 80.6 13-414 219+ 115 0-52 69.6
Total hip arthroplasty 101 1541 = 79.9 1-442 16.1 = 9.1 0-55 70.5

* 0 appears as a lower limit in hospitals that did not perform that procedure in the course of one or more years throughout the duration of the study.

hospital annually, was the most frequently performed opertheir respective hospital-specific procedure risk-adjusted
ation; abdominal aortic aneurysm repair was the least fre30-day mortality rate (and 30-day stroke rate for CEA),
quently performed (mean 6.9 operations per hospital annuexpressed as the O/E ratio. The results of these analyses,
ally). In a relatively high percentage of operations (rangeshown in Table 5, indicated that there was no significant
68.4% to 81.0%), a resident was listed as the primancorrelation between hospital volume (at both the procedure
surgeon, indicating that the operation was primarily per-and the surgical specialty levels) and risk-adjusted 30-day
formed by a resident in the presence of or with the assismortality rate in all eight procedures. A weak correlation

tance of a staff attending surgeon. was observed between the specialty volume and risk-ad-
justed stroke rate after CEA. As specialty volume increased,

Risk Adjustment Models of 30-Day risk-adjusted stroke rate improved. However, the correlation

Outcomes with procedure volume was not significant (see Table 5).

. Figure 1, which illustrates these results, is a scattergram
A total of nine models were constructed. For each of the 9 g

eight operations, a logistic regression model was Cor]depicting each hospital’s annual procedure volume plotted
o L= . ~"against the 30-day mortality O/E ratio for each of the eight
structed that identified the significant preoperative patien g y y g

risk factors predictive of 30-day mortality. In addition, a Bperatlons and against the 30-day stroke O/E ratio for CEA.

; e .~ There was in general a wider variation in the O/E ratio
model was constructed for CEA identifying the preoperative, . oo hospitals performing low volumes of surgery (on

patléant rlsl_lfrtactors predlptlve Of. post?]peratlvg S.trOkiW'thmthe left side of the graphjersushospitals performing high
Bt et ohumes on e gt i ofhegraph), i s because e
of entry, which reflects the relative importance .of each of timate of the O/E ratio tends to be I_ess stable vyhen sample
these vériables in each multivariable model, is also shown, <o, ore §mal| and S not necessarily a reflection Of more
. ' . variability in the quality of care at lower-volume hospitals.
Partial colectomy had the largest number of preoperative
predictors; ASA class was the most important, followed byAnalysis of Variance Between Hospitals in
preoperative serum albumin level and emergency statugyartiles
ASA class, age, and preoperative serum albumin level ap-
peared in seven of the nine models. To determine whether there was a volume threshold that
The predictive validity of each model is indicated by the might significantly affect outcome in the eight operations,
c-index?® which is also shown in Table 4. The partial hospitals were grouped in quartiles according to their pro-
colectomy model, with a c-index of 0.85, had the mostcedure volume per year. An analysis of variance was then
predictive validity; the CEA models were the least predic-performed to determine whether there was a significant
tive of both 30-day mortality and postoperative stroke (c-difference in O/E ratios between these quartiles. The results

indices 0.72 and 0.64, respectively). Adequate predictivef this analysis are shown in Table 6. There were no

validity is usually indicated by a c-index 6£0.70. significant interquartile differences in the O/E ratio in any of
the operations, indicating that there was no volume thresh-
Relation of Surgical Volume to Outcome old below which the risk-adjusted mortality rate (and the

risk-adjusted stroke rate after CEA) was significantly in-

creased. As shown in Figure 1, Table 6 also shows that the
The procedure volume and its respective specialty volhospitals in the lower-volume quartiles exhibited larger

ume per hospital per year were each correlated separately standard deviations in the O/E ratio than the hospitals in the

Pearson Correlation
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per hospital per year a significant predictor of the risk-

Table 5. PEARSON CORRELATION adjusted 30-day outcome.

COEFFICIENT OF PROCEDURE AND

SPECIALTY ANNUAL VOLUME To detgrmlne whether there was a threshold .volume
below which adverse outcomes were encountered in any of
Procedure Type of Volume R P the eight procedures studied, the mixed effects hierarchical

analysis was repeated with the quartiles of procedure and
specialty volumes entered as independent variables. None
of the models identified a specific volume quartile as a

With risk-adjusted 30-day mortality
Abdominal aortic aneurysmectomy Procedure -0.110.28

Specialty —-0.100.29 L . . .
Infrainguinal vascular reconstruction  Procedure 0.140.14 S'9n.|f|cant_ pr?dmtor of ”3k'adll:15ted 30-day outcomes,
Specialty 0.160.10 again confirming the lack of relation between hospital vol-
Carotid endarterectomy Procedure 0.07 0.51 ume and outcome in these nine models.
Specialty —0.020.84 ] ] ] ]
Lobectomy/pneumonectomy Procedure ~ —0.090.37 Automatic Interaction Detection Analysis
Specialty —0.06 0.53 . .
Open cholecystectomy Procedure  —0.140.13 When set for two ranges of volume, this analysis attempts
Specialty ~ —0.160.08 to detect automatically a volume threshold that might sig-
Laparoscopic cholecystectomy Procedure  —0.030.73 nificantly affect outcome. In all eight operations, no volume
oot PSpeC'(j”y _8-88 8-23 cutpoint was detected below which a significant increase in
olectomy gggii aﬁrye Coos0s;  lisk-adjusted 30-day mortality was observed. Likewise, in
Total hip arthroplasty Procedure 0.090.35 CEA no v_olume cqtpoint was d_etected below which a
Specialty 0.010.89 significant increase in the risk-adjusted 30-day stroke rate
With risk-adjusted 30-day was observed.
stroke rate
Carotid endarterectomy Procedure -0.130.18

Specialty —0.210.03 DISCUSSION

Using a large prospective series of operations, we exam-
ined the relation between volume and risk-adjusted out-
higher-volume quartiles. Although no interquartile differ- comes for eight operations commonly performed on inpa-
ences in the O/E ratio were found after infrainguinal recon+ient surgical services in VA hospitals. The volume of each
struction, the expected and observed mortality rates aftesperation and the volume of surgery performed on the
this procedure were significantly higher in the high-volumecorresponding surgical specialty service were related to the
quartile hospitals compared to the low-quartile hospitalsrisk-adjusted 30-day mortality rate in the eight operations
This indicated that higher-risk patients underwent infrain-and to the 30-day stroke rate in CEA. Patient risk factors
guinal reconstruction at the higher-volume hospitals, underand the models used for risk adjustment were developed
scoring the value of risk adjustment in the comparativefrom the NSQIP, which accrues prospectively patient risk
assessment of outcome between hospitals with varying vofactors and outcome information on patients undergoing
umes. major surgery on all surgical services in the VHA, using
dedicated clinical nurse managéPEEmploying these mod-
els, the risk-adjusted 30-day mortality and morbidity rates
In this modeling, 30-day mortality is the dependent vari-have been shown to reflect the quality of surgical care in VA
able and patient risk factors and procedure and surgicaiospitals2®
specialty volumes per hospital per year are the independent We used several analytic methods to evaluate the relation
variables. After adjusting for the patient’s risk in level 1 of of volume to risk-adjusted outcome, including Pearson cor-
the model, the procedure and the surgical specialty volumelation coefficients between O/E ratios and volumes, anal-
per hospital per year were each entered into separate modsisis of variance comparing mean O/E ratios in groups
to determine whether each was significantly associated witdefined by quartiles of procedure volume, hierarchical lo-
30-day mortality in any of the eight procedures and 30-daygistic regression, and automatic interaction detection.
stroke in CEA. The results of this modeling are shown inMixed effects hierarchical logistic regressiSrtakes into
Table 7. The table lists for each operation the patient variaccount both patient and hospital factors explanatory of
ables predictive of death (or stroke for one CEA analysis)death or stroke. In all of the analyses performed, we failed
arranged in the order of decreasing importance, along witho document a relation between specialty and procedure
the beta coefficient, the standard error, and the probabilityolumes and risk-adjusted outcome. In one of the analyses
value for each variable. For each operation, the results ofPearson correlation), we observed a weak correlation be-
entering the two volume variables into the respective modetween the specialty, not the procedure, volume and the
are shown below the random intercept. In none of the nineisk-adjusted stroke rate after CEA. This relation, however,
models shown in the table was the procedure volume pewas not confirmed by the more appropriate hierarchical
hospital per year or the respective surgical specialty voluméogistic regression analysis. We were also unable to dem-

Mixed Effects Hierarchical Modeling
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Figure 1. Relation of procedure volume to risk-adjusted 30-day mortality rate after eight operations and to
risk-adjusted 30-day stroke rate after CEA. Each small circle represents a single VAMC. In each panel, the
ordinate is the risk-adjusted outcome expressed as the O/E ratio, and the abscissa is the procedure volume
expressed as the number of operations performed per year. The Pearson correlation coefficient (r) and the
probability value for each relation are shown in the right upper comner of each panel. There were no
significant correlations in any of the nine scattergrams shown on this figure.

onstrate in this study a threshold effect of volume belowMost of these studies were retrospective and used state-
which poorer outcomes might be identified. In our analysissponsored registries (Table 8) in geographic areas where
the expected mortality rate was calculated based on thenly one or a few high-volume centers existed. Because
preoperative patient risk factors and, as such, was indicativenost of these studies were based on administrative data-
of the severity of illness of the population of patients beingbases with little clinical information (see Table 8), they

analyzed. We found no difference in the severity of illnesswere limited in their ability to risk-adjust adequately for the

of patients undergoing surgery at high- and low-volumepreoperative severity of illnes§:*’

hospitals (except for infrainguinal vascular reconstruction,

Because of the limited risk adjustment and the skewing of

where higher-volume hospitals had sicker patients; see Tahe volume/outcome analysis by a few centers with very
high volumes, two concerns are raised about previously
The relation between the volume of surgical operationgublished reports. First, it is not known whether high-

ble 6).

and outcome has been debated for many y&as.recent

volume centers in the private sector attract patients with

years, analysis of this relation has focused on operationkevels of risk different from patients who seek care at
performed in the private sector that are technically complexower-volume hospitals. Second, there has been no attempt
and, in some cases, not commonly performed. Early report® disentangle the influence of the expertise.(quality)
argued for strong inverse relations between volume androm the experiencd.€., volume) of the institutions or their
outcome for coronary artery bypass surgery (CABG) andndividual surgeons. Unless these influences are recognized,
CEA253%31gimilar relations have been suggested for panthere is a danger of attributing a lower operative mortality

creaticoduodenectomly,*° total hip arthroplasty, major

rate to high volume itself. Our study indicates that for

vascular procedures including abdominal aortic aneurysnprevalent operations in VA hospitals, sicker patients do not

repair and CEA*"2113%nd complex cancer resectiolts.

necessarily seek higher-volume institutions, and lower-vol-
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Table 6. EXPECTED, OBSERVED, AND RISK-ADJUSTED RATES

Mortality Rates per Annual Quartiles of Procedure Volume

Quartiles of Procedure Expected Mortality Observed Mortality
Procedure Volume/Hospital/Year (%) (%) O/E Ratio
Abdominal aortic aneurysmectomy Q1 =0-3 4.7 + 3.3 82+ 17.3 175+ 49
Q2 =4-6 53=*21 53*56 0.92 £1.0
Q38 = 7-10 48+1.5 4.4+ 3.0 0.93 £ 0.7
Q4 =11-32 43+1.0 46 +2.7 1.08 = 0.7
P = 0.61 P =0.49 P = 0.65
Infrainguinal vascular reconstruction Q1 =0-13 23*0.7 1927 069 +1.0
Q2 = 14-22 3.2+0.8 3.0+1.8 0.96 = 0.6
Q8 = 23-31 3.1+0.6 34*+15 111 +05
Q4 = 32-90 3.1+05 3.0x20 0.96 = 0.5
P = 0.001 P = 0.05 P =0.15
Carotid endarterectomy Q1 =0-10 11+04 0.8+1.8 0.79 + 2.1
Q2 =11-18 1.3+04 14+18 0.96 £ 1.2
Q3 = 19-28 1.2+02 12+14 1.09 1.2
Q4 = 29-73 1.2+0.2 1.2+0.7 1.02 0.6
P =014 P =0.56 P =0.89
Lobectomy/pneumonectomy Q1 =0-5 51 *+17 7.1 =191 1.28 = 3.4
Q2 =6-7 55=*1.1 50*+4.9 0.90 = 0.7
Q3 =8-13 53*+1.2 6.4+ 3.2 127 0.7
Q4 = 14-44 55+0.8 52+ 3.0 0.91 £ 0.5
P =0.59 P =0.85 P =0.77
Open cholecystectomy Q1 =0-6 29+16 3.8x71 1.67 =53
Q2 = 7-11 28+ 11 4.1+ 41 1.36 1.2
Q8 = 12-15 29*+15 2.7 *+32 0.82 £ 0.9
Q4 = 16-39 29+13 2.6+ 21 0.87 £ 0.5
P=1.0 P =0.47 P = 0.61
Laparoscopic cholecystectomy Q1 =0-9 0.6 0.6 06=*+18 1.56 £ 5.5
Q2 =10-15 05=*0.2 05+1.0 095 +24
Q3 =16-19 0.6 0.3 0.6 +0.9 0.83 = 1.3
Q4 = 20-44 0.6 0.3 0.6 +0.6 1.08+1.4
P =0.60 P =0.95 P =0.82
Colectomy Q1 =0-12 7.9 +10.3 9.6 +17.4 1.26 = 1.1
Q2 =13-22 6.9 =21 6.2 =32 0.90 = 0.5
Q8 = 23-30 6.7 =15 6.8+29 1.00 = 0.3
Q4 = 31-52 72+16 75+29 1.05+0.3
P =0.83 P =0.46 P =013
Total hip arthroplasty Q1 =0-10 1.7 £25 06*=20 0.80 =29
Q2 =11-16 1.2+04 0.8*+1.2 0.66 = 1.0
Q38 =17-22 1.1 +£03 1.0+0.8 0.98 = 0.9
Q4 = 23-55 1.0+04 1.3+0.9 143+1.2
P =0.28 P =0.40 P =0.52
Stroke Rates per Quartiles of Procedure Volume/Hospital Year
Quartiles of Procedure Expected Stroke Rate Observed Stroke Rate
Procedure Volume/Hospital/Year (%) (%) O/E Ratio
Carotid endarterectomy Q1 =0-10 1904 3.5 +6.0 17229
Q2 =11-18 21+03 26*+1.8 120+ 0.9
Q38 = 19-28 21+03 21*+15 1.03+0.8
Q4 =29-73 21+03 1.9+14 0.88 = 0.6
P =0.25 P =0.30 P =027
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Table 7. TABLE OF MIXED EFFECTS HIERARCHICAL LOGISTIC REGRESSION MODELS

Procedure Variables* Estimate (p) SE z p Value
Aortic aneurysmectomy Intercept —6.37088 1.09852 —5.79949 0.00000
Emergency 0.32640 2.02912 0.04245
ASA class 0.99793 0.14759 6.76171 0.00000
WBC > 11.0 (X10"mm?) 0.90487 0.23096 3.91781 0.00009
BUN > 40 (mg/dl) 0.93544 0.36988 2.52905 0.01144
Age (years) 0.03945 0.01121 3.51921 0.00043
Weight loss 0.83552 0.41953 1.99155 0.04642
Albumin (gm/dl) —0.43927 0.17456 —2.51647 0.01185
Random intercept 0.23315 0.33773 0.69034 0.24499
Procedure volume —0.02844 0.02133 —1.33340 0.10240
Specialty volume** —0.00196 0.00220 0.89150 0.37202
Infrainguinal vascular reconstruction Intercept 8.42033 0.82753 —10.17520 0.00000
ASA class 0.84290 0.10993 7.66733 0.00000
Emergency 0.76283 0.17126 4.45424 0.00001
Age (years) 0.048083 0.00361 5.57802 0.00000
Albumin (gm/dl) —0.50747 0.10460 —4.85145 0.00000
SGOT > 40 (IU/L) 0.71009 0.14184 5.00631 0.00000
WBC > 11.0 (x 10"mm?) 0.45813 0.12804 3.57812 0.00035
History of CHF 0.50986 0.18154 2.80848 0.00498
Comp. Score 0.33686 0.08979 3.75150 0.00018
Dyspnea 0.11324 2.76764 0.00565
BUN > 40 (mg/dl) 0.46238 0.23239 1.98970 0.04662
Random intercept 0.29063 0.10289 2.82481 0.00237
Procedure volume 0.00434 —0.41638 0.67713
Specialty volume™* 0.00148 0.07197 0.94263
Carotid endarterectomy (mortality) Intercept —6.26446 0.58456 —-10.71657 0.00000
Emergency 1.48230 0.32214 4.60137 0.00000
Impaired sensorium 1.22020 0.38070 3.20518 0.00135
Functional status 0.61602 0.27306 2.25600 0.02407
PT > 12 (sec) 0.66200 0.22143 2.98966 0.00279
Creatinine > 1.2 (mg/dl) 0.56144 0.22225 2.52615 0.011583
ASA class 0.54564 0.22240 2.45348 0.01415
PTT > 25 (sec) —0.562899 0.25002 —-2.11573 0.03437
ETOH 0.58243 0.30099 1.93507 0.05298
Race (white = 0) 0.52922 0.26442 2.00144 0.04534
Random intercept 0.20214 0.25891 0.78076 0.21747
Procedure volume 0.00357 0.01000 0.35648 0.72148
Specialty volume** —0.00034 0.00247 —0.13920 0.88929
Carotid endarterectomy (stroke) Intercept —4.49789 0.20684 21.74594 0.00000
History of TIA 0.61076 0.13130 4.65180 0.00000
CVA neuro deficit 0.16431 2.76799 0.00564
Emergency 0.82933 0.36033 2.30155 0.02136
Race (white = 0) 0.42947 0.21190 2.02677 0.04260
Impaired sensorium 0.84300 0.40104 2.10203 0.03555
Creatinine > 1.2 (mg/dl) 0.35824 0.15184 2.35935 0.01831
Random intercept 0.34377 0.16903 2.03377 0.02099
Procedure volume —0.00338 0.00662 -0.51083 0.60947
Specialty volume** —0.00198 0.00189 —0.14587 0.29562
Lobectomy/pneumonectomy Intercept —3.63002 0.87998 —-4.12513 0.00004
Lobectomy —1.10284 0.13651 —8.07895 0.00000
Albumin (gm/dl) —0.54265 0.12052 —4.50250 0.00001
Age (years) 0.03909 0.00912 4.28751 0.00002
ASA class 0.52507 0.12972 4.04775 0.00005
SGOT > 40 (IU/L) 0.71418 0.23858 2.99338 0.00276
BUN > 40 (mg/dl) 0.49827 2.84587 0.00443
Steroid use 0.66457 0.22363 2.97180 0.00296
Dis. cancer 0.57592 0.29986 1.92061 0.05478
Random intercept 0.00155 1.05082 0.00148 0.49941
Procedure volume —0.00866 0.01285 —0.67332 0.50075
Specialty volume** 0.00356 —0.36661 0.71391
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Table 7 (continued). TABLE OF MIXED EFFECTS HIERARCHICAL LOGISTIC
REGRESSION MODELS

Procedure Variables* Estimate (B) SE z p Value
Open cholecystectomy Intercept —6.31811 0.98636 —6.40547 0.00000
BUN > 40 (mg/dl) 0.23163 5.23733 0.00000
Albumin (gm/dl) —-0.61702 0.12357 —4.99346 0.00000
ASA class 0.78451 0.16728 4.68964 0.00000
Age (years) 0.04193 0.00878 4.774083 0.00000
Dyspnea 0.38489 0.13680 2.81351 0.00490
Bilirubin > 1.0 (mg/dl) 0.38206 0.20994 1.81988 0.06878
Functional status 0.35007 0.04601 2.39757 0.01650
Weight loss 0.60208 0.33326 1.80664 0.07082
SGOT > 40 (IU/L) 0.38774 0.18941 2.04706 0.04065
Random intercept 0.22523 0.27396 0.82212 0.20550
Procedure volume —0.02828 0.01772 —1.59629 0.11042
Specialty volume** —0.00266 0.00149 —1.78578 0.07413
Laparoscopic cholecystectomy Intercept —1.88618 1.92949 —0.97755 0.32830
Albumin (gm/dl) —1.83760 0.28110 —6.53722 0.00000
History of COPD 1.02587 0.38914 2.63627 0.00838
Age (years) 0.04899 0.01851 2.64654 0.00813
BUN > 40 (mg/dl) 1.562226 0.54619 2.78705 0.00532
Functional status 0.57775 0.28981 1.99353 0.04620
Random intercept 0.49569 0.35978 1.37775 0.08414
Procedure volume —0.02111 0.02359 —0.89482 0.37088
Specialty volume** —0.00314 0.00216 —1.45548 0.14554
Colectomy Intercept —4.58706 0.45365 —-10.11151 0.00000
ASA class 0.73754 0.06807 10.83549 0.00000
Albumin (gm/dl) —0.69684 0.06291 —11.07711 0.00000
Emergency 0.75665 0.10992 6.88365 0.00000
SGOT > 40 (IU/L) 0.64749 0.12625 5.12852 0.00000
Age (years) 0.03365 0.00469 7.18232 0.00000
Dis. cancer 0.67243 0.14195 4.73721 0.00000
BUN > 40 (mg/dl) 0.41507 0.14032 2.95804 0.00310
DNR 0.50506 0.19474 2.59347 0.00950
Bilirubin > 1.0 (mg/dl) 0.30540 0.10190 2.99695 0.00273
WBC = 4.5 (X 10"mm?) —0.45005 0.19350 —2.32588 0.02002
History of COPD 0.26240 0.09746 2.69255 0.00709
Impaired sensorium 0.40382 0.14644 2.75758 0.00582
Steroid use 0.31238 0.15854 1.97039 0.04879
Transfusion 0.253083 0.138083 1.83316 0.06678
Random intercept 0.28971 0.07665 3.77946 0.00008
Procedure volume 0.00157 0.00536 0.29229 0.77006
Specialty volume 0.00084 0.00074 1.14377 0.25272
Total hip arthroplasty Intercept —5.47844 1.42012 -3.85774 0.00011
Albumin (gm/dl) —0.93138 0.23197 —4.01500 0.00006
Dyspnea 0.73494 0.24428 3.00861 0.00262
ASA class 0.79573 0.21518 3.69793 0.00022
Age (years) 0.03660 0.01119 3.27163 0.00107
SGOT > 40 (IU/L) 0.70600 0.44223 1.59646 0.11039
Functional status 0.46225 0.22091 2.09246 0.03640
Random intercept 0.14764 0.87760 0.25561 0.39913
Procedure volume 0.01309 0.01106 1.18380 0.23649
Specialty volume** 0.00054 0.00145 0.37301 0.70914

*In order of importance in the model.

** Two second level models were constructed. The first, “operation volume”, includes the annualized volume of the operation for each hospital as the independent variable.

The second, “specialty volume”, includes the annualized volume of all major operations in that specialty as the independent variable.

BUN, blood urea nitrogen; CHF, congestive heart failure; COPD, chronic obstrucive pulmonary disease; CVA, cerebrovascular accident; DNR, do not resuscitate; ETOH,
alcoholic; PTT, partial thromboplastin time; PT, prothrombin time; SGOT, aspartate transaminase; TIA, transent ischemic attack; WBC, white blood cell count.
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ume institutions do not necessarily care for healthier pasurgical volume of the VA surgical staff. With these limi-
tients. Most importantly, our findings do not support thetations, the data in Table 3 indicate that procedure volumes
hypothesis that with proper risk adjustment, being cared fom VA hospitals generally correlate with the ranges pub-
in these higher-volume VAMCs for these prevalent inter-lished for private sector hospitals with low and intermediate
mediate-complexity procedures necessarily means betteolumes. With the possible exception of abdominal aortic
outcome. Hence, in VHA, and possibly in the private sectoraneurysm repairand infrainguinal reconstruction, few of
as well, the quality of surgical care is determined by hospitathe VA hospitals have procedure volumes matching high-
structure and process&s?which do not include the vol- volume institutions in the private sector.
ume of the surgery performed. Good risk-adjusted outcomes A third potential limitation of this study is that a reduced
in high-volume hospitals reflect the high quality of surgical set of preoperative patient risk factors was collected at the
care, but high surgical volume alone is not necessarily théow-volume VAMCs as a result of the lack of funding for a
reason for the superior quality of surgical care in thesesurgical clinical nurse reviewer. These VAMCs provided
hospitals. the data to the NSQIP through use of their own resources.
What are the potential limitations of the current study?Although this reduced data set did not affect the prediction
The first issue is whether death is an appropriate end poimhodels for death for seven of the eight operations, it did
for evaluation of the relation between volume and outcomeaffect the prediction models for death and stroke for CEA.
in these eight prevalent intermediate-complexity proce-Some of the important predictor variables for this operation
dures. In prior reports from the NSQIP, we have docu-were not included in the reduced data set. Therefore, in the
mented that risk-adjusted 30-day mortality for all operationsanalysis involving CEA, 8 low-volume VAMCs were ex-
performed in a VA hospital was associated with the qualitycluded from the total of 101 VAMCs in which this operation
of surgical care at that hospita:?*?* This has prompted was performed.
the VA to use the all-operations risk-adjusted 30-day mor- Despite the absence of a large number of high-volume
tality rate (the O/E ratio) as an ongoing comparative meahospitals in VHA, the unadjusted mortality rates in our
sure of the quality of surgical care in VHR.The relation  study are generally comparable to those that have been
of the specific operation O/E ratios reported in this study tareported in state-wide databases, among Medicare patients,
the quality of surgical care in the various services withinor among patients treated in medical centers that participate
VHA has not yet been investigated. The c- indices generateth clinical trials. For total hip arthroplasty, we report a
by the mortality risk-adjustment models reported in thismortality rate of 1% (see Table 2); the HCUP-2 database
study (see Table 4) indicate good to excellent predictivefrom the mid-1980s reported a mortality rate of $¢s did
validity of these risk-adjustment models and provide anthe HCFA database derived from Medicare patients in the
advantage over other studies in the literature that have useshrly 1990s for the highest-volume institutichBor elec-
unadjusted or poorly adjusted operative mortality rates tdive or semielective aortic aneurysm repair, the VHA overall
compare the relation of surgical volume to outcome (seemortality rate of 4.7% can be compared with mortality rates
Table 8). of 3.8% to 6% reported from various registries in California,
Except for postoperative stroke after CEA, this study hasNew York State, Ontario, and Scandina%ia/ >’ For in-
not attempted to explore the relation between surgical volfrainguinal vascular bypass procedures, the VHA overall
ume and postoperative risk-adjusted adverse occurrencasortality rate of 3.1% can be compared with a mortality rate
which the NSQIP has also shown to be associated with thef 3.3% observed in the California registtyor lobectomy/
quality of surgical caré® The NSQIP is currently investi- pneumonectomy, there are no clear differences compared
gating this relation, which will be the subject of a separatewith data reported from administrative registries. Out-
publication. Recent studies have demonstrated an invers®mmes for CEA, both in terms of mortality rate (1.2%) and
relation between surgical volume and the incidence of poststroke rate (2.1%), in VHA are comparable to those reported
operative adverse occurrented*and a direct relation be- for intermediate- to high-volume institutions recorded in the
tween surgical volume and long-term cancer-free sunival. state registries of Connecticut, California, Maryland, and
The second potential limitation of this study is whetherNew York.”°~**32For open cholecystectomy, VHA mor-
operative volume in VAMCs is comparable to that reportedtality rates are within the ranges reported from prior HCFA
from the private sector. A direct comparison between vol-data®3°
umes of these operations in VHA and the private sector Comparable, population-based figures are not available
cannot be easily made or interpreted. Information fromfor laparoscopic cholecystectomy because reports from the
private sector registries or trials is limited because surgicaprivate sectof® reflect a fundamentally different patient
volumes are not often expressed in relation to the institutionpopulation. In a detailed analysis of VHA outcomes for
but in relation to individual surgeons. Information in the open and laparoscopic cholecystectoifiye observed that
NSQIP database is currently limited to institutional vol- several key factors contributed to mortality for these spe-
umes. In addition, many VA surgeons do not limit their cific procedures, including emergency surgery, activities of
practices to VA hospitals. Hence, VA hospital volume doesdaily living indices, serum albumin level, and ASA risk. We
not necessarily correlate with the entire experience angredict that when adjusted for risk, outcomes of laparo-
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scopic cholecystectomy in VHA patients would be similar obscure such differences. Despite the intriguing nature of

to those that would be observed in the private sector, asur findings, generalization of the VHA experience to other

previously suggestetf. integrated health care delivery systems must be tempered
Despite concerns regarding differences in surgical patientintil the findings are validated by others studying such large

characteristics between VHA and the private sector, thdealth care delivery systems.

above published data indicate that both volume and out- In summary, we have shown that in VA hospitals, the

comes for the eight prevalent intermediate-complexity proprocedure and surgical specialty volumes in eight prevalent

cedures reported here for VA hospitals are comparable toperations of intermediate complexity are not associated

those in the private sector. The results of this study may nowith the risk-adjusted 30-day mortality rate from these

be applicable to the ongoing debate about whether procesperations, or with the risk-adjusted 30-day stroke rate after

dures of high complexity should be performed at regionallyCEA. Until convincing evidence is provided to the contrary

designated referral centers. Perhaps the two most publicizgdsing risk-adjusted 30-day morbidity rates or other vali-

examples of such procedures are CABG and pancreatdated quality indicators), surgical volume should not be

coduodenectomy. used as a surrogate measure of quality in an integrated
In CABG, it is clear that a practice, rather than anhealth care delivery system such as VHA.

individual surgeon, needs to perform approximately 100

CABG procedures annually to have early postoperative

results equivalent to centers with much higher voldtfig™  Acknowledgments
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levels. An increase in hospital or in surgeon volume results in a Dr. Khuri states that surgical volume should not be used as
decrease in mortality. surrogate measures of quality. | would like to know if you think it
My question, therefore, is whether Dr. Khuri has any furtheris possible from the analysis performed to refute the association of
explanation for his findings, which are at variance from otherrisk-adjusted mortality with provider volume that other studies
published studies? Is it simply that they have taken operation®iave shown.
which in the main are common to all general and vascular surgeons First, as you have noted, mortality is not the most appropriate
and not the complicated procedures referred to in the past? Thisutcome to measure for a number of procedures studied—for
would seem to be unlikely given the data | have shown, whichexample, for cholecystectomies. As was noted, the procedures
includes all cancer cases, and the data that Dr. Harmon has showstudied were not complex high-risk procedures and the relative
which includes colectomy. Is it that the VA is a group with homogeneity of the VA population | think limits the generalizabil-
uniformly high standards, perhaps due to the quality improvemenity of the findings. Thus, | would question the comparability of
program initiated by Dr. Khuri? Or does it mean that the VA these results to published works on complex high-risk surgery.
hospitals are associated with medical schools that have high- Also, a number of the reference studies did adjust for comor-
volume faculty? bidities and severity of iliness, in contrast to your interpretation of
Finally, Dr. Khuri answered the question of how many are toothese studies in the paper | had the opportunity to look at. Most
few. And | heard his answer, “there is no number that is too few.”significantly, | question whether it is possible to draw any conclu-
Do you believe that, Dr. Khuri? Would you be the first case by thesions regarding high-volume providersrsusow-volume provid-
first surgeon who does an occasional case? ers in your database, as you did not separately identify and analyze
patients from any high-volume providers as a group. Were there
PresenTER DR. SHUkRI F. KHurl (West Roxbury, Massachu- enough high-volume providers out of the group of 125 hospitals to
setts): | think there are a number of differences between the Stateven consider this? | would like to have you describe the distri-
of New York registry and the NSQIP database, two of which arebution of hospital volume by procedure to see if in fact a compar-
relevant to your questions, Dr. Brennan. ison between high- and low-volume providers would be possible.
The first relates to the degree of complexity of the operations Also, you looked at volume quatrtiles, but given the ranges in the
which you are comparing in the two databases. Our study specifgquartiles, they really spend well in intermediate-volume ranges. So
ically targeted operations of intermediate complexity which wereagain this would not yield an appropriate comparison with high-
frequently performed in the VA. The study was conducted, in partyolume providers to intermediate and low-volume providers.
to determine whether the VA, as it faced decreasing budgets, You noted that the VA hospitals could be affiliated with aca-
would be justified in closing surgical services whose surgicaldemic medical centers and may have a crossover of high-volume
volumes were relatively low. The data in this study clearly cautionsurgeons performing procedures in low-volume VA hospitals ad-
against using volume as the indicator for whether or not a certaijacent to the academic medical centers. So | would like to know
surgical service should be closed. The complexity and type ohow you thought about adjusting for physician volume as well.
these commonly performed operations in our study might not be | am also interested to know how completely in-hospital and
the same as the complexity and type of the cancer operations in tH&0-day mortality were reported, and again note that the published
registry in the State of New York. In fact, a recent publication in studies that you have compared your results to looked at in-
the Journal of Thoracic and Cardiovascular Surgemhich was  hospital mortalityversusyours which is looking at 30-day mor-
based on the New York State database showed no relationshiglity. So how completely was that reported? Was there missing
between surgical volume and outcome in coronary artery bypasdata? If so, how was that handled?
surgery—an operation which is highly complex. Given some of the volume adjustment techniques that you used,
The second difference between the New York State databaseere there any temporal trends in the data? Because you did some
and the NSQIP database is the predictability of the risk adjustmengxtrapolations for missing data across the study period.
models. The NSQIP database is a clinical database collected pro- Also, | think another area that | would like to hear your thoughts
spectively by dedicated nurses. As | showed you today, the rislon is whether there are any regional effects across the VA system,
adjustment models for the various operations studied had higlgiven that there are well-documented regional variations in health
c-indices, indicating good predictability. Administrative databasescare in the private sector that have been published and studied by
on the other hand, are mostly based on charge codes and might noandberg and others.
have enough clinical information to provide highly predictable risk  Also, | would like to have you comment on the structural
adjustment models—a fact which Dr. William Best, from our capabilities of the VA relative to the private sector and reconsider
group, has recently demonstrated by comparing risk factors andrawing the conclusion that there is not a difference between the
outcomes contained in the NSQIP database to those contained VWA system and the private sector with respect to the structure and
the VA Patient Treatment File. process differences.
Last, you looked at risk factors at the procedure level. And it
Dr. Toy A. GorpoN (Baltimore, Maryland): | would like to  looks like some of the risk factors of interest were not considered
compliment Dr. Khuri and his colleagues for their efforts in in some of your regression models, such as age or history of TIA
leading and conducting outcomes research studies in the Veterafar risk of mortality for carotid endarterectomy. So | would like to
Administration. This paper in particular benefits from the largeknow how you considered these clinical indicators with respect to
sample size, the large number of hospitals in the VA system, anthe face validity of your regression models.
the National Surgery Quality Improvement Program, which pro- Also, you had some comparisons with the registry data. And |
vides a valuable source of information for outcomes researchvould like to know if you feel that you adequately risk-adjusted
studies. However, | have several questions regarding some of tHer those comparisons with the published studies that looked at the
conclusions. positive association with high-volume providers.
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In conclusion, | think the main finding from your paper should have some 3,000 hospitals and a couple hundred thousand physi-
be that for VA hospitals which are not high-volume hospitals, cians doing procedures, it gets very complicated to try to ask and
outcomes cannot be differentiated across low- and intermediateanswer the question: Which operations or which procedures should
volume facilities based on volume. Great caution should be exerin fact be centralized?
cised in generalizing these data to the private sector which includes | agree absolutely with Dr. Brennan that surgeons must take
high-volume providers. Hence, there remains great opportunity ineadership in this because of the fact there are other groups that are
the VA system to discern clinical indicators of quality and | think very interested. | think papers such as yours and the work you have
you have a tremendous database to further explore this. been doing is really key in this. And | would compliment the

Association for their continued support of this. | think it is very,
Dr. Kruri: We did not at all imply that these data are applicable very important.

to the private sector. They are specific to the VA, and, as such, may
not be generalizable. The findings of this study, which was limited Dgr. Jonn L. Cameron (Baltimore, Maryland): In most of our
to prevalent operations of medium complexity, also may not begost and outcome studies carried out at The Johns Hopkins Hos-
applicable to highly complex operations. The high-volume VA pita| we have looked at high-, mid-, and low-volume for surgeons
hospitals are not comparable to the high-volume hospitals in they nospitals, and have compared the high volume to the low
private sector. The volume of surgery in the VA hospitals in ouryolyme as well as the high to the mid, and the low to the mid. With
study is comparable to the low- and intermediate-volume hospital§,our OJE ratios, it seems to me that you are always comparing to
in similar studies from the private sector. However, there waspg mean, which should mute your results. If we only compared
enough variation in volume between the hospitals in our study t(high volume to mid volume, and low volume to mid volume,
allow for a meaningful comparison between quartiles of volume.yhich | think your O/E ratios do, then I think we would miss the

I agree with you that the NSQIP database cannot provide cOMgjference that we see when we compare high to low. So unless |
plete informatioq on individual surgeons because most surgeons if e read your manuscript incorrectly, | think you are comparing
the VA operate inside an_d out5|de_ the VA. Th_e NSQIP databasg, ye risk-adjusted mean, which would tend to mute your results.
only accrues data on their V_A_ patients. For this reason, we have I would also like to emphasize that a low-volume VA hospital
not p_erformed prOVIder._SDec'f'C analyses. could be right next door to a high-volume tertiary university
__ Thirty-day follow-up is conducted by the NSQIP nurse at _eaChhospitaI and the attendings in the low-volume VA could be very
institution. Mortality is also verified by the benefits database in thelarge-volume surgeons from the high-volume university hospital.

VA.‘ which 1S hlghly reliable. Hence the_re WEre o MIssing mor- therefore, | question the VA System as a valid model to look
tality data in this study. We agree with you that risk-adjusted .
at volume outcome studies.

mortality alone might not be a good indicator of quality of care.
However, we have just completed a study similar to this one in
which we examined the relationship of volume of surgery to
postoperative morbidity. Preliminary results from this study also
fail to demonstrate an inverse relationship between volume ot
surgery and postoperative morbidity.

We did not observe temporal trends in the volume data and W§
did not observe regional variations between VA hospitals, al-
though we did not specifically look for such variations. We did not

conclude that “there is not a difference between the VA system anaOth ends of the range of_the _O/E ratio. .
the private sector.” On the contrary, we underscored these differ- You may be absolutely right in your assertion that the VA model

ences in the manuscript and indicated that our findings werénight not be the iQeaI one to investigate volume/outcome relation-
specific to the VA and not generalizable to the private sector. SNiPS- But one thing we have learned from this and other NSQIP
In terms of our predictive risk models, we constructed a separatstudies which I think is fairly applicable to the private sector, is
model for each operation which took into account 67 preoperativéhat quality of care is probably more determined by the processes
risk factors, including age and neurologic history. All potentially and structures of a specific surgical service than by the volume of
important risk factors were analyzed. The c-indices of these modsurgery performed by that service. This is also reflected in Dr.
els indicated a high level of predictability and all models hadHarmon’'s presentation which preceded this one. Dr. Harmon
clinical face validity. We strongly believe that risk adjustment Showed us very clearly that low-volume surgeons working in
based on prospective collection of specific clinical data by dedihigh-volume hospitals had comparable outcomes to the high-

cated nurses is more superior than risk adjustment based on cod¢@lume surgeons working in these hospitals, the implication being
contained in administrative databases. that these high-volume hospitals had good processes and structures

and, as such, were good hospitals. It is certainly true in the VA that
Dr. Eric Munoz (Newark, New Jersey): | want to compliment it is the quality of the compendium of processes and structures in
the VA group for the excellent work they have been doing inan institution which determines the outcome, not the volume of
health outcomes, and think that the discussion in the last 45urgery performed.
minutes has really gone to show the conflict in information that
both government and payers have on this data. DRr. JEroME J. DECosse(New York, New York): Thank you Dr.
First of all, I think it is common sense that for many procedures,Khuri, for a very interesting address. A comment and a question.
the more you do the better you get. That has been shown over the The comment parallels Dr. Cameron’s remarks that with a very
years. The problem becomes when you look at the fact that mostomplex study such as you have with numerous categories, it is
surgeons in most hospitals are low-volume and the fact that weirtually impossible to avoid some error in modeling. And with

Dr. KHurI: These are very good thoughts, Dr. Cameron. The
O/E ratio does not affect the comparison between the volumes of
he hospitalper se It is a risk-adjustment tool which only affects
he outcomei.e. the mortality rate. Since the O/E ratio is based on
n expected outcome derived from a model based on all the
ospitals performing a specific operation, it is not exactly a mean,
and one need not necessarily have the same number of outliers on
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accumulation, you induce a regression to the mean and tend to In terms of the mortality for colectomy, the 6.9% figure is fairly
favor the null hypothesis. comparable to the 6.3% and the 6.0% figures recently reported in

My question pertains to the mortality rate for colon surgery, state registries and other large databases. All these are crude
which was 6.9%. It seemed rather high. You pointed out that 18%mortality rates and are not adjusted for the preoperative severity of
of these were emergency cases. Does that mortality reside withiitiness. It is our impression, which we hope to validate in the
the 18%? And is there any difference in the distribution by hos-future, that the VA patient population is generally sicker than the
pitals? patient population at large. If so, this and the fact that 18% of the

colectomy operations in our database were emergent, should ex-

Dr. KHure: First of all, in terms of your comment regarding the plain the slightly higher mortality rate which we reported com-
regression of the mean, | do agree with it, except that this is theared to those reported in published registries. We did observe a
reason why we used three other statistical analyses which did nafariation in the unadjusted and the risk-adjusted mortality rates for
depend on regression to the mean. These analyses also confirmealectomy among the various hospitals, but we did not look into
the results obtained with the regression analysis. other details of this operation.



